Background: this observational study examined cross-sectional and 24-month longitudinal associations of physical activity and dietary behaviors with change in bMi and percent body fat among children aged 6-9 years old.
Introduction
O bese children are at risk of developing serious diseases such as type 2 diabetes and cardiovascular disease 1, 2 and prevalence of childhood obesity in the United states has increased over the past several decades. 3 the CDC has estimated that between 1976 and 2008 obesity increased from 6.5% to 19.6% among 6-to 11-year olds. 3, 4 the obesity epidemic among children is the result of excess energy intake and inadequate energy expenditure. 5 Cross-sectional and longitudinal studies of children have generally found associations between obesity and the specific behaviors of viewing television, 6 physical inactivity, 6 ,7 skipping breakfast 6, 8 and consumption of sugarsweetened beverages. 6, 9, 10 Fast food consumption has also been associated with obesity, 6 although data are conflicting regarding the association of dietary fat with obesity in children. 6, 11 evidence regarding the relation of fruit and vegetable consumption to obesity is inconsistent. 12, 13 the majority of the research on physical activity, dietary behaviors, and obesity has used bMi as the primary obesity outcome measure. However, bMi as a measure of obesity is confounded by muscle mass, 14 whereas percent body fat is a direct measure of adiposity. 15 thus, percent body fat may be a more sensitive outcome measure for investigating the relation of physical activity and dietary behaviors with obesity.
identifying specific diet and activity behaviors that predict obesity is needed for development of effective 111 CHILDHOOD OBESITY April 2012 obesity prevention programs in children. the objective of the present study was to examine 24-month longitudinal associations for a wide array of physical activity and dietary behaviors with bMi and percent body fat among children aged 6-9 years old. Cross-sectional associations were also examined.
Methods

Participants
Data were from the control group (n = 271) of the MOVe Project, a 12-month recreation center-based childhood obesity prevention program that included a 24-month follow-up assessment. Participants were children aged 6-7 at baseline (aged 8-9 at 24-month assessment) and their parent or primary caregiver. institutional Review board approval was obtained from the sponsoring institution.
Procedures
Recruitment occurred at public recreation centers in south san Diego County, California, using targeted phone calls, flyers, presentations, and staffed information booths. exclusion criteria for children included living in a foster or group home; having a medical and/or psychological condition that affected diet, physical activity, growth, or weight; and being unable to speak, read, and understand either english or spanish. Parents provided informed consent and children gave verbal assent to participate. Recreation centers served as the unit of randomization: 15 recreation centers were randomized to the control group (included in the present analyses) with 16-18 child participants recruited per recreation center.
baseline data collection took place between April, 2007, and May, 2008. Parents completed questionnaires (in english or spanish) that asked about the child's behavior. After completing the baseline assessment, control participants received handouts regarding dental care, fire safety, environmental awareness, and video game ratings. the control group received no obesity-related intervention materials.
Measures
Body mass index. each child's height and weight were measured by trained staff, and bMi percentiles and z-scores for age and gender were calculated using CDC growth charts. 16 Percent body fat. bioelectrical impedance analysis 17 was used to estimate children's percent body fat using the RJL Quantum ii biA Analyzer (RJL systems) and the schaefer equation for children of this age. 18 in a predictive validity study (n = 30 overweight/obese children), estimates of percent body fat using the schaefer equation were highly correlated with dual-energy X-ray absorptiometry (DeXA)-measured percent body fat (r = 0.84) and had a low error rate as compared to three commonly used equations (mean difference in percent body fat between DeXA and bioelectrical impedance analysis was 1.18; p = N.s.). 19 Parent reports of their child. Parents completed a survey asking about 10 of their child's physical activity and dietary behaviors. Five of the measures (physical activity, sedentary behavior, sugar-sweetened beverage consumption, juice consumption, and fruit and vegetable intake) were developed in a previous study and had 2-week test-retest intraclass correlation coefficients (iCCs) of 0.60-0.84. 20 Physical activity was measured by taking an average of two items: (1) During the past 7 days, and (2) during a typical or usual week, how many days was your child physically active for a total of at least 60 minutes/day, excluding the time spent in school physical education. 21 sedentary behavior was measured using a sum of three questions that asked how many hours/day, on a typical weekday, the child engaged in the following sedentary behaviors: (1) Watching television/videos/DVDs; (2) playing computer or video games; and (3) using internet, e-mail, or other electronic media for leisure.
the number of servings of sugar-sweetened beverages consumed/day on average was reported for: (1) soda, not diet (12 oz); (2) Hawaiian Punch, fruit drinks, lemonade, sugar-sweetened ice tea, tampico, or other noncarbonated sugary drinks (8 oz); and (3) sports drinks like Gatorade or Powerade (12 oz). 22 servings per day of 100% fruit or vegetable juice (8 oz) were also assessed.
the number of high-fat foods consumed/day was reported over the past 7 days using a list of 21 foods such as fried chicken, pizza, whole or 2% milk, and french fries, tater tots, or onion rings. 23 Fruit and vegetable intake (excluding juice) was assessed using a sum of two questions: On a typical day, (1) how many servings of fruit, and (2) how many servings of vegetables does your child consume? 24 Parents reported on their child's meal habits during a typical week, including: (1) How often the child or family went out to eat or brought home ready-to-eat meals from fast food or other restaurants; and (2) how many times/ week the child ate meals in front of the tV; (3) breakfasts with the family; and (4) dinners with the family.
Analysis
Analysis of variance (ANOVA) with bonferroni post hoc tests was used to investigate differences at baseline for physical activity and dietary behaviors between normalweight (5 th to 84 th bMi percentile), overweight (85 th to 94 th th percentile) children. 16 Paired samples t-tests were used to investigate whether bMi z-score, percent body fat, and physical activity and dietary behaviors changed from baseline to 24-month post assessment. Longitudinal mixed-effects linear regression models were used to assess the relationship of the physical activity and dietary behaviors (separate model for each behavior) with bMi z-score and percent body fat over the 24-month period. each model included baseline and 24-month scores for the physical activity or dietary behavior of interest and was adjusted for baseline demographic characteristics (child age, gender, race/ethnicity, and parent education) and child's height. the analyses were completed using sPss version 17.
Results
Fourteen participants were lost to follow-up and were excluded from the analyses. three participants were removed because they changed their percent body fat by the final sample size was 254 for all analyses. three parof interest at baseline or 24-month follow-up. the value from the nonmissing assessment was imputed for these 3 participants. the mean child age at baseline was 6.7 years (sD = 0.7); 56% of children were girls, 39% were nonHispanic white, and 48% were Latino. the mean age of the parent participants was 38 years (sD = 6); 93% were women, and 41% had a college degree. From baseline to 24-month follow-up, there were increases in children's height (mean = 5.67 inches; p < 0.001) and percent body fat (mean = 1.34; p < 0.001), but no statistically significant change in bMi z-score (see table 2 ). Children increased their sedentary behavior by 0.20 hours/day (p < 0.01) and decreased the number of breakfasts eaten with family by 0.45 days/week (p < 0.001). Children increased their fruit and vegetable intake by 0.14 servings/day (p < 0.05) and decreased their consumption of sugar-sweetened beverages by 0.10 servings/ day (p < 0.01), juice by 0.45 servings/day (p < 0.001), fat by 0.24 foods/day (p < 0.05), and fast food and restaurant eating by 0.29 times/week (p < 0.001).
table 3 presents the longitudinal relation of change in each behavior to change in bMi z-score and percent body fat over 24 months. Physical activity and eating breakfast as a family were significantly associated with bMi z-score and percent body fat. A 1-day/week increase in physical activity was associated with a decrease of 0.06 in bMi z-score and 0.77 in percent body fat (p < 0.01). A 1-day/week increase in eating breakfast as a family was associated with a decrease of 0.04 in bMi z-score and 0.35 in percent body fat (p < 0.05). sedentary behavior and sugar-sweetened beverage consumption were significantly associated with percent body fat. A 1-hour/day increase in sedentary behavior was associated with an increase of 0.59 in percent body fat (p < 0.05). A 1-serving/day decrease in sugar-sweetened beverage consumption was associated with a decrease of 1.40 in percent body fat (p < 0.05).
Discussion the 24-month longitudinal results indicated that among children aged 6-9 years, increased physical activity and eating breakfast as a family and decreased sedentary behavior and consumption of sugar-sweetened beverages were related to reductions in percent body fat. Low physical activity and high sedentary behavior were also associated with higher bMi percentile in the cross-sectional analyses. these findings are generally in agreement with review studies of childhood obesity that concluded that physical inactivity, screen-based sedentary behaviors, sugar-sweetened beverages, and skipping breakfast are risk factors for obesity in children. 6, 7, [9] [10] [11] two of the 10 behaviors-physical activity and eating breakfast as a family-were related to bMi z-score in the longitudinal analyses, whereas 4 of the 10 behaviors-physical activity, eating breakfast as a family, sedentary behavior, and sugar-sweetened beverages-were related to change in percent body fat. Furthermore, physical activity was more strongly associated with percent body fat than bMi z-score. these findings suggest that increased physical activity and decreased sedentary behavior may lead to decreased body fat and increased muscle mass, which is more accurately measured by percent body fat than bMi. it is less apparent why sugarsweetened beverage consumption was associated with percent body fat but not bMi. sugar-sweetened bever- age consumption had a small-to-moderate correlation with sedentary behavior (baseline r = 0.24; 24-month r = 0.26). therefore, it is possible that children who consumed more sugar-sweetened beverages also engaged in more sedentary behavior and thus experienced increased body fat but decreased muscle mass.
eating breakfast as a family was protective of weight gain and increased body fat, which is consistent with previous studies indicating that eating breakfast was related to healthier food choices and appetite control. 25 Consumption of fruits and vegetables, dietary fat, and juice were not associated with obesity as measured via bMi or percent body fat. Although some studies have found that consumption of fruits and vegetables, dietary fat, and juice were related to obesity in children, the results are inconsistent. 6, [9] [10] [11] [12] it is notable that over the 24-month period of follow-up, two obesity-related behaviors changed significantly in the less-healthy direction. Children increased their sedentary screen time and reduced eating breakfast with their family. because these behaviors were related to body fat change and were worsening, there is special justification in targeting these behaviors in interventions.
Limitations
A limitation of this study was that the physical activity and dietary behaviors were measured using one to two items per behavior for most behaviors, and these items required parents to report on the behavior of their child. Although many of these measures have evidence for validity in adolescents, [21] [22] [23] [24] little is known about their validity when used as parent reports of their young child. self-report measures such as food frequency questionnaires may lack validity when compared to objective measures, especially when used as parent proxy reports. However, low validity for the measures in the present study could have attenuated their relationships with outcomes. More rigorous and objective measures may provide better accuracy for detecting associations of physical activity and dietary behaviors with obesity-related outcomes. the small sample size and geographic and demographic homogeneity of the present sample may limit this study's generalizability. Finally, it is important to note that this association study could not establish a causal link between the behaviors assessed and adiposity. it is possible that greater adiposity led to decreased physical activity and sedentary time, as suggested by some studies. 26, 27 A strength of the present study was the inclusion of percent body fat as an outcome measure, which was assessed via bioelectrical impedance. the vast majority of childhood obesity studies to date have used bMi as an outcome as opposed to percent body fat. However, bMi is confounded by muscle mass and is not a direct measure of adiposity.
14 Whereas DeXA is considered the gold standard for measuring percent body fat, we used an equation for calculating percent body fat from bioelectrical impedance that correlated well with DeXA. 18, 19 Conclusion in this cohort of 271 children, increased physical activity and eating breakfast with family and reduced screen-based sedentary behaviors and sugar-sweetened beverage consumption were associated with more favorable trends in adiposity. therefore, attention to these behaviors may be of particular importance. Although associations with obesity-related outcomes were small, there is a growing evidence base supporting targeting these specific behaviors for childhood obesity control. [6] [7] [8] [9] [10] [11] [12] [13] because physical inactivity and sedentary behavior can lead to increased body fat and decreased muscle mass, bMi may be an inadequate measure of obesity in children. thus, evaluation of childhood obesity prevention programs should include percent body fat as an outcome.
